Introduction {#Sec1}
============

Today, percutaneous coronary intervention (PCI) with drug-eluting stents (DES) is preferred in patients with cardiovascular diseases (CVD) because of its association with decreased infarct size, re-occlusion, lower angiographic restenosis rates and reduced mortality. Unfortunately, although made with new materials and designs, DES is often associated with the occurrence of late stent thrombosis \[[@CR1]\]. Apparently, stent thrombosis is dependent on two main factors: the type of stent used and the total duration/discontinuation period of the antiplatelet regimen following coronary stenting.

Compared with the first-generation DES, second-generation DES with their novel designs and materials and better anti-proliferative agents have proved to be associated with significantly lower stent thrombosis rates \[[@CR2]\]. However, due to the small existing probability for stent thrombosis following PCI, standard dual antiplatelet therapy (DAPT) with aspirin and clopidogrel is still used as a preventive measure \[[@CR3]\].

Guidelines based on the treatment strategy following PCI were recently published by the American Heart Association and the European Society of Cardiology \[[@CR4], [@CR5]\]. Nevertheless, even though these guidelines are acceptable and have been thoroughly followed, only a few studies have been based on the comparison of late stent thrombosis in patients who were exposed to a short-term (6 month) versus long-term (12 month) duration of DAPT use following PCI with DES, and it is not clear whether late stent thrombosis is significantly reduced with the long-term use of DAPT.

Through this simple meta-analysis, we aimed to systematically compare the occurrence of late and very late stent thrombosis with short- versus long-term DAPT use following second-generation DES implantation.

Methods {#Sec2}
=======

Searched databases and searched strategy {#Sec3}
----------------------------------------

'Dual anti-platelet therapy and percutaneous coronary intervention,' 'long-term clopidogrel use,' 'short- and long-term duration of dual antiplatelet therapy,' 'long-term dual antiplatelet therapy,' 'duration of dual antiplatelet therapy,' 'duration of clopidogrel' and 'long-term clopidogrel use and stent thrombosis' were the key terms searched for on the online electronic databases.

Participants were drawn from relevant English publications through electronic databases (using the above-mentioned terms and phrases). The publications satisfied the following inclusion and exclusion criteria (Fig. [1](#Fig1){ref-type="fig"}):Fig. 1Study selection represented through this flow diagram

### Inclusion Criteria {#Sec4}

\(1\) Studies categorized as randomized controlled trials; (2) trials that compared short- and long-term DAPT use following PCI; (3) trials that involved the implantation of second-generation DES; (4) DAPT involving specifically aspirin and clopidogrel; (5) trials whereby late and very late stent thromboses were reported.

### Exclusion Criteria {#Sec5}

\(1\) Studies that were non-randomized controlled trials; (2) studies that did not involve DES implantation; (3) studies in which late and very late stent thromboses were not reported; (4) studies that were not based on the duration of DAPT use; (5) studies that involved another drug in place of clopidogrel, e.g., ticagrelor or prasugrel; (6) repeated studies.

Outcomes, Types of Participants and Duration of DAPT Use {#Sec6}
--------------------------------------------------------

Acute, sub-acute, late and very late stent thromboses were the outcomes reported in the selected studies. However, in this analysis, only late (\> 30 days but \< 1 year) and very late (\> 1 year) stent thromboses were assessed (main clinical end points). Acute and sub-acute stent thromboses were not assessed since late stent thrombosis was considered a more important complication of DES.

The participants were patients with coronary artery disease or acute coronary syndrome and were undergoing PCI with secondary DES. All the patients received aspirin and clopidogrel prior to and continually after the invasive procedure, as shown in Table [1](#Tab1){ref-type="table"}.Table 1Outcomes, follow-ups and types of participantsStudiesOutcomesTypes of participantsShort-term versus long-term DAPT useDAPT componentsI LOVE IT 2 \[[@CR8]\]Acute, sub-acute, late and very late STStable CAD and ACS undergoing PCI6 versus 12 monthsAspirin and clopidogrelIVUS-XPL \[[@CR9]\]Acute, sub-acute and late STCAD patients undergoing PCI6 versus 12 monthsAspirin and clopidogrelOPTIMA-C \[[@CR10]\]Acute, sub-acute and late STCAD patients undergoing PCI6 versus 12 monthsAspirin and clopidogrelRESET \[[@CR11]\]Sub-acute and late STCAD patients undergoing PCI3 versus 12 monthsAspirin and clopidogrelSECURITY \[[@CR12]\]Sub-acute and late and very late STDiabetes patients undergoing PCI6 versus 12 monthsAspirin and clopidogrel*DAPT* dual antiplatelet therapy, *ST* stent thrombosis, *CAD* coronary artery disease, *ACS* acute coronary syndrome, *PCI* percutaneous coronary intervention

Duration of short-term DAPT use was 6 months and of long-term DAPT use was 12 months (Table [1](#Tab1){ref-type="table"}).

Data Extraction and Review {#Sec7}
--------------------------

Six authors independently participated in the data extraction process. The participants were classified into the short- and long-term DAPT groups, respectively. The baseline features of the subjects, total late and very late stent thrombotic events, methodologic features, duration of DAPT use and information related to the implanted DES were all extracted.

The methods used in the trials were assessed (Cochrane Collaboration) \[[@CR6]\]. Grades were allotted (grade A, B and C represented low, moderate and high risk of bias, respectively).

Any disagreements that followed while extracting data and during the assessment of the trials were resolved by consensus.

The Preferred Reporting Items in Systematic Reviews and Meta-analyses (PRISMA) study guideline was followed for this meta-analysis involving randomized controlled trials \[[@CR7]\].

Statistical Analysis {#Sec8}
--------------------

This is a simple meta-analysis of randomized controlled trials. RevMan 5.3 software (latest version) was used for the analysis of data and then represented by the odds ratios (OR) and 95% confidence intervals (CI). Heterogeneity was assessed by (1) the Q statistic test and (2) the *I*^2^ statistic test. As described by the statistics rules, *P* ≤ 0.05 was considered significant. In addition, an increasing *I*^2^ value denoted increasing heterogeneity. For this analysis, a fixed effects model was used during the statistical calculations.

Due to the small volume of studies, publication bias was correctly assessed and represented through funnel plots.

Compliance with Ethics Guidelines {#Sec9}
---------------------------------

This article is based on previously conducted studies and does not contain any studies with human participants or animals performed by any of the authors.

Results {#Sec10}
=======

Searched Outcomes {#Sec11}
-----------------

A total of 3841 publications were obtained from the online databases (Fig. [1](#Fig1){ref-type="fig"}). After a prior assessment of the abstracts and titles, those publications that did not fit into the context of this research were eliminated (3298), with only 543 articles remaining.

The inclusion and exclusion criteria were applied to 543 selected articles as shown in Fig. [1](#Fig1){ref-type="fig"}, and further elimination was carried out. Finally, only five randomized controlled trials \[[@CR8]--[@CR12]\] were included in this simple meta-analysis (Fig. [1](#Fig1){ref-type="fig"}).

Main Features of the Trials {#Sec12}
---------------------------

As shown in Table [2](#Tab2){ref-type="table"}, 5 randomized controlled trials involving 7142 patients (3556 patients with short-term DAPT use and 3586 patients with long-term DAPT use) were assessed. Second-generation DES such as zotarolimus-eluting stents (ZES) and everolimus-eluting stents (EES) were used.Table 2Main features of the trialsStudiesTotal no. of patients with short-term DAPT use (*n*)Total no. of patients with long-term DAPT use (*n*)Type of DES usedBias risk gradeI LOVE IT 2 \[[@CR8]\]909920BP-SESAIVUS-XPL \[[@CR9]\]699701EESAOPTIMA-C \[[@CR10]\]683684BES or ZESBRESET \[[@CR11]\]10591058ZESASECURITY \[[@CR12]\]206223Second-generation DESBTotal no. of patients (*n*)35563586*DAPT* dual anti-platelet therapy, *DES* drug-eluting stents, *RCT* randomized controlled trials, *BP-SES* biodegradable polymer sirolimus-eluting stents, *OS* observational study, *EES* everolimus-eluting stents, *BES* biolimus-eluting stents, *ZES* zotarolimus-eluting stents

After a fair assessment of the methods used, three trials were allotted grade 'A' whereas two other trials were allotted grade 'B' as shown in Table [2](#Tab2){ref-type="table"}.

Baseline Characteristics of the Participants {#Sec13}
--------------------------------------------

Mean age of the patients, with a predominance of male participants, varied from 60.0 to 66.7 years (Table [3](#Tab3){ref-type="table"}). Participants with comorbidities including hypertension, dyslipidemia and diabetes mellitus are listed in Table [3](#Tab3){ref-type="table"}.Table 3Baseline features of the participantsStudiesAge (years)Males (%)HBP (%)DL (%)DM (%)CS (%)ST/LTST/LTST/LTST/LTST/LTST/LTI LOVE IT 260.4/60.062.7/68.761.0/64.825.3/23.423.2/22.136.6/38.3IVUS-XPL63.0/64.067.0/70.063.0/65.068.0/65.036.0/37.025.0/24.0OPTIMA-C62.8/64.470.0/67.862.4/63.929.9/28.529.1/29.726.9/26.9RESET62.4/62.464.4/62.962.3/61.457.7/59.929.8/28.825.2/22.8SECURITY65.5/66.771.8/74.082.5/80.369.4/70.9100/10033.5/35.9*HBP* high blood pressure, *DL* dyslipidemia, *DM* diabetes mellitus, *CS* current smoker, *ST* short-term DAPT use, *LT* long-term DAPT use

Main Analytical Results {#Sec14}
-----------------------

A total of 3586 participants with long-term DAPT use were compared with 3556 participants with short-term DAPT use. There was no significant difference in late stent thrombosis associated with short- or long-term DAPT use (OR 0.98, 95% CI 0.30--3.18; *P* = 0.97, *I*^2^ = 0%) as shown in Fig. [2](#Fig2){ref-type="fig"}.Fig. 2Comparing the occurrence of late stent thrombosis with a short versus longer duration of DAPT use

Very late stent thrombosis was also not significantly different (OR 0.30, 95% CI 0.03--2.95; *P* = 0.31) as shown in Fig. [3](#Fig3){ref-type="fig"}.Fig. 3Comparing the occurrence of very late stent thrombosis with short versus longer duration of DAPT use

Evidence of publication bias reported among the trials that assessed the clinical end points was also low as shown in Fig. [4](#Fig4){ref-type="fig"}.Fig. 4Publication bias represented in a funnel plot

Discussion {#Sec15}
==========

Two major factors contribute to the occurrence of stent thrombosis following PCI: the type of stents being implanted and duration of the antiplatelet regimen after angioplasty. Other factors might include comorbidities such as diabetes mellitus and platelet hyperactivity. This simple meta-analysis aimed to show the impact of the duration of DAPT use on the occurrence of late and very late stent thrombosis associated with short- versus long-term DAPT use following PCI with second-generation DES.

Currently, we did not observe any significant difference in late and very late stent thrombosis in a group of patients on short-term (6 months) DAPT versus a group of patients on long-term (12 months) DAPT use following PCI.

Scientific reports have shown second-generation DES to be associated with a significantly lower stent thrombosis rate compared with first-generation DES \[[@CR13]\]. However, when EES were compared with ZES (both were second-generation DES), no difference in stent thrombosis was observed \[[@CR14]\].

To support the results of this analysis, the International ISAR 2000 All Corner Registry also showed no significant difference in the stent thrombosis rate with short- versus long-term DAPT use following PCI \[[@CR15]\]. One out of 165 and 340 participants with short- (≤ 6 months) and long-term (\> 6 months) DAPT use, respectively, suffered late stent thrombosis. All the participants were diabetes mellitus patients.

The Real Safety and Efficacy of 3-Month Dual Antiplatelet Therapy Following Endeavor ZES Implantation (RESET Trial) also showed no significant difference in stent thrombosis after clopidogrel was stopped following 3-month DAPT use in patients implanted with second-generation DES \[[@CR11]\].

Even in the Impact of Intravascular Ultrasound Guidance on Outcomes of Xience Prime Stents in Long Lesions (IVUS-XPL) Randomized Clinical Trial in which 1400 patients who were treated with EES were assessed, stent thrombosis was observed in 0.3% of the patients with a short- and long-term DAPT use, respectively, further supporting the results of this analysis \[[@CR9]\].

Duration of DAPT use and occurrence of late stent thrombosis are important issues that should be addressed clinically. This current issue has seldom been systematically assessed in clinical research representing a novelty in itself. Findings and analyses with very low heterogeneity were obtained showing the use of good data (extracted from randomized trials) for this systematic analysis. In addition, the total number of participants was not very high, but was at least sufficient to reach a definitive conclusion.

Limitations were the lower number of trials implying a limited number of participants as well as the different follow-up time periods, which might have affected the results. However, since these data were collected from original studies, and there were no other studies that could be included in this analysis taking into account the inclusion and exclusion criteria, we could not overcome this limitation. Moreover, one trial reported a 3-month short-term duration of DAPT use compared with all the other trials, which had a minimum duration of 6 months. Also, different second-generation DES were used.

Conclusions {#Sec16}
===========

This simple analysis showed no impact of DAPT duration on the occurrence of late and very late stent thrombosis. Similar late and very late stent thromboses were observed with 6- versus 12-month duration of DAPT use following PCI with second-generation DES.
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